When two tones of different frequency are simultaneously presented, one to each ear, a single pitch may be heard that corresponds to the frequency delivered to one ear rather than to the other. That is, the frequency information delivered to one ear may be followed and to the other ear suppressed. The present study explored the sequential conditions under which this effect occurs. Clear ear dominance was obtained in sequences where the two ears received the same frequency in succession. However, ear dominance was absent in sequences where successive dichotic chords were composed of different frequencies. From these and other findings a basis for ear dominance is proposed. 
INTRODUCTION
Several recent studies have demonstrated an effect which has come to be known as ear dominance. This occurs when two tones of different frequency are simultaneously delivered, one to each ear. The studies have found that the pitch which is heard tends to correspond to the frequency delivered to one ear rather than to the other; that is, the frequency information delivered to one ear is perceived and the information delivered to the other ear is suppressed.
In one such study, Deutsch (1974a Deutsch ( , 1974b ) used a sequence consisting of two tones, which were spaced an octave apart (400 and 800 Hz) and repeatedly presented in alternation. The identical sequence was presented to both ears simultaneously, except that when the right ear received the high tone the left ear received the low tone and vice versa. Thus the listener was presented with a single, continuous two-tone chord, but the ear of input for each component switched repeatedly.
This sequence was found to give rise to several different illusory percepts. The percept most commonly obtained was that of a single tone that switched from ear to ear, and whose pitch simultaneously shifted back and forth from high to low. That is, the listener heard a single high tone in one ear alternating with a single low tone in the other ear. Further investigation showed that this rather bizarre illusion has two basic components: The following of the sequence of frequencies presented to one ear rather than to the other, and the localization of each tone toward the ear receiving the higher-frequency signal regardless of whether the higher or the lower frequency is in fact perceived (Deutsch and Roll, 1976 ).
Another paradigm demonstrating ear dominance was employed by Yund (1974, 1975) and Efron (1975, 1976) . Here each trial consisted of two presentations of the identical dichotic chord and these presentations were separated by a 1-sec delay. On one presentation the right ear received the high tone and the left ear the low tone, and on the other presentation this configuration was reversed. The identical frequencies were used throughout an experimental session. Under these conditions, subjects tended to follow the sequence of frequencies presented to one ear rather than to the other. In many cases this was true even when the signal delivered to the nondominant ear was substantially higher in amplitude. In contrast to the paradigm used by Deutsch (1974a Deutsch ( , 1974b , and by Deutsch and Roll (1976) , the components of the dichotic chords •ere not in octave relation. Typically the two frequencies were quite close in pitch and in a higher-frequency range (for instance, 1650 and 1750 Hz).
In each of these experiments, the sequences were such that each ear always received a frequency that was identical either to the frequency it had just received, or to the frequency just received by the opposite ear. However, using a different dichotic tonal sequence, Deutsch (1975a) found no ear dominance. Listeners were presented with a C-major scale, with successive tones alternating from ear to ear. This scale was played simultaneously in both ascending and descending form, and switching from ear to ear such that when a component of the ascending scale was in the right ear, a component of the descending scale was in the left ear and vice versa. The majority of listeners perceived the correct sequence of frequencies, but as two separate melodies; one corresponding to the higher sequence of tones and the other to the lower sequence. Other listeners perceived instead only a single melody, which corresponded to the higher sequence of tones, and they heard little or nothing of the lower sequence. Thus in contrast to the results described earlier, no ear dominance was produced here. When only one melody was heard this corresponded to the higher frequencies and not the lower, regardless of ear of input. The experiment consisted of two conditions. In each condition subjects were presented with sequences consisting of 20 dichotic chords, each 250 msec in duration, with no gaps between chords.
Moreover
The basic sequence employed in condition I consisted of the repetitive presentation of a single chord, whose components stood in octave relation and alternated from ear to ear such that when the high tone was in the right ear the low tone was in the left ear, and vice versa. The frequencies of the high and low tones were always 800 and 400 Hz. This is essentially the same sequence as that of Deutsch (1974a Deutsch ( , 1974b , and it can be seen In both conditions, subjects judged for each sequence whether it began with the high tone and ended with the low tone, or whether it began with the low tone and ended with the high tone; and from these judgments it was in/erred which ear was being followed for pitch.
The subjects responded by writing ',high-low" (indicat- with the low tone) or "low-high" (indicating a sequence that began with the low tone and ended with the high tone) on paper. Each condition was presented for three sessions, with 72 trials per session in condition 1, and 48 trials per session in condition 2. The two conditions were presented alternately in successive sessions, and the presentation order was counterbalanced across subjects. Sequences within a session were presented in random order in groups of 12, with 10-sec pauses between sequences within a group, and 2-rain pauses between groups. As a warning signal, a 500-msec tone of 2000 Hz at 70 dB preceded each group of 12 sequences by 15 sec.
Four subjects were selected for the experiment, on the basis of consistently hearing a single high tone alternating with a single low tone in sequences designed as in condition 1 but with all tones at equal amplitude. Two of the subjects were right-ear dominant and two were left-ear dominant. All had normal audiograms. The subjects were selected from a group who had participated in experiments on memory for pitch, where the information had been presented binanrally through loudspeakers. This group has been heavily selected for high performance on the pitch memory task, the selection ratio being about 1:6. The selection ratio for the present experiment from this group was about 1:3. All subjects were undergraduates at the University of California at San Diego, and were naive as to the purpose of the experiment. • The selection session for this experiment lasted for half an hour. Apart from this, the subjects were not practiced on the task before the All subjects produced a pattern of responses that showed consistent following of either the higher frequencies or the lower frequencies, regardless of ear of input or of relative amplitude. Three of the subjects consistently followed the lower frequencies, and one consistently followed the higher frequencies (Fig. 4) . 3
This experiment therefore provides further evidence that ear dominance effects occur in sequences where the two ears receive the same frequencies in succession.
When this condition was fulfilled, clear-cut ear dominance was obtained.
But when this condition was not fulfilled there was a complete absence of ear dominance, and following on the basis of frequency range occurred instead.
II, EXPERIMENT II
A. Method
In this experiment, two conditions were again employed. In both conditions, subjects were presented with a pair of dichotic chords, each 250 msec in duration, with no gaps between chords within a pair.
The basic sequence employed in condition 1 consisted of two presentations of the identical dichotic chord, whose components formed an octave, such that one ear received first the high tone and then the low tone, while simultaneously the other ear received first the low tone In both conditions, for each type of sequence the amplitude relationships between the tones presented to the two ears varied systematically in exactly the same way as in experiment I. Subjects were required to judge for each sequence whether it was of the "high-low" type or the "low-high" type. Each condition was presented for three sessions, with 72 judgments per session in condition I and 96 judgments in condition 2. The two conditions were presented alternately in separate sessions, and the order of presentation was counterbalanced across subjects. Sequences within a session were presented in random order in groups of 12, with 6-sec pauses between sequences within a group, and l-rain pauses between groups. The same warning signal as in experiment I preceded each group of sequences by 15 sec.
Four subjects were selected for this experiment, on the basis of showing a clear following of the dominant ear, even in sequences where the information presented to the nondominant ear was higher in amplitude. Thus the selection criterion for experiment II was more stringent than for experiment I. Three of the subjects were undergraduates at the University of California at San Diego and were naive as to the purpose of the experiment. The author served as the fourth subject. Two of the subjects were right-ear dominant and two were left-ear dominant. All had normal audiograms.
The three naive subjects had participated first in a half-hour session in which they listened to equal-amplitude sequences such as used in subject selection for experiment I. They then participated in a second selection session in which the sequences presented to the two ears varied in amplitude, as in condition 1 of experiment I. This session lasted for 45 min. They were given no further practice before the experiment. The author had had considerable experience with this general type of task, but did not practice on the specific task before the experiment. either. 4 If we assume, however, that the subjects were responding in this condition on the basis of overall contour; i.e., that they were following either the higher frequencies or the lower frequencies, we obtain a very consistent result. As shown in 
III. EXPERIMENT III
We now turn to the question of whether the absence of ear dominance found in conditions 2 of experiments I and II was due simply to the time delay between successive presentations of the same frequencies to the two ears, or whether this was due to the interpolation of tones of different frequencies. The experiment studied the effect on ear dominance of interpolating a tone of different frequency between the dichotic chord pairs; holding the delay between members of these chord pairs constant.
A. Method
This experiment employed two conditions, which are shown in diagram form in Fig. 9 . In condition 1, two dicho/ic chords were presented, at 400 and 800 Hz, such that one ear received first the high tone and then the low tone, whilst simultaneously the other ear received first the low tone and then the high tone. All chords were 250 msec in duration, and the members of each chord pair were separated by ?50-msec pauses. always 599 Hz, and the tone was presented simultaneously to both ears. The interpolated tone was also 250 msec in duration, and it was preceded and followed by 250-msec pauses. In each condition, on half of the trials the right ear received the high tone of the first dichotic chord and the low tone of the second; and on the other half this order was reversed. Subjects judged for each dichotic chord pair whether it was of the "high-low" type or the "low-high" type. In condition 2 they were instructed to ignore the interpolated tone.
In both conditions• the amplitude relationships between the tones at the two ears varied systematically across sequences, in the same way as in experiment I.
Each condition was presented for four sessions, with 72 judgments per session. The two conditions were presented in alternation, and the order of presentation was counterbalanced across subjects. Other aspects of the procedure were the same as in experiment I. The same subjects were employed as for experiment II. There were no practice sessions on the specific task of this experiment, though all subjects were experienced with the general type of task, as described above.
B. Results
The results of the experiment averaged over all four subjects are shown in Fig. 10 The effects investigated here display interesting similarities and differences with the effects reported by Yund (1974, 1975) and Efron (1975, 1976) . There are two basic similarities. First, in the present situation the frequencies delivered to one ear may be perceived and those delivered to the other ear suppressed; similarly in the Efron-Yund situation the pitch mixture of a dichotic chord may be dominated by the tone presented to one ear rather than to the other. Second, in both sets of studies, each ear received a frequency that was identical either to the fre-quency it had just received or to the frequency just received by the opposite ear. ? Given these similarities it is tempting to speculate that the ear dominance effects found by Elton and Yund may depend on sequential relationships in the same way as the present effect. However, differences between the two sets of studies also exist. One important difference is that the patterns of ear dominance obtained by Efron and Yund did not correlate with handedness. This would imply that the two sets of effects are taking place at different levels in the auditory system. The present results cannot be accommodated on this model, since they show that whether or not ear dominance occurs depends critically on the frequency relationships between the tones as they occur in sequence at the two ears. A second problem is that analogous effects can occur when the information is presented through speakers rather than earphones. This shows that the interactions here are based on auditory space rather than monaural channels. However, the present aThe near-horizontal lines in Fig. 2 and 3 ?In a study of Efron and Ytmd (1976) a dichotic chord followed by a binaural chord was used. In the binaural chord, each ear received both the frequency it had just received and also the frequency just received by the opposite ear.
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